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Fourteen-Day Inhalation Study in Rats, Using Aged and Di¬ 
luted Sidestream Smoke from a Reference Gigarette. II. DNA 
Adducts and Alveolar Macrophage Cytogenetics. Lee, C. K., 
Brown, B. G., Reed, B. A., Rahn, C. A , Coggins, C. R. E., 
Doolittle, Dj J,, and Hayes, A. W. (1992). Fundam. AppL 
Toxicol. 19 , 141 - 146 . 

The chemical constituents of cigarette smoke are greatly di¬ 
luted in environmental tobacco smoke (ETS). In the typical in¬ 
door environment where cigarettes are smoked, the mean value 
of respirable suspended particles is approximately 0.1 mg/m 3 . 
In this study, we used aged and diluted sidestream smoke (ADSS) 
of 1R4F University of Kentucky research cigarettes as a surrogate 
for ETS and exposed Sprague-Dawley rats nose-only to 0, Oil, 
1.0, and 10 mg wet total particulate matter (WTPM)/m 3 for 6 
hr per day for 14 consecutive days. DNA from lung, heart, larynx, 
and liver was testedlfor adduct formation after 7 and 14 days of 
exposure and after 14 days of recovery. In addition, alveolar 
macrophages from animals exposed for 7 days were examined 
for chromosomal aberrations. Exposure-related! DNA adducts 
were not observed in any of the animals at 0.1 or 1.0 mg WTPM/ 
m 3 , which represent ambient and HO-fofd exaggerated ETS con¬ 
centrations, respectively,. Slight diagonal radioactive zones, 
characteristic of adducts observed in human smokers and !in an¬ 
imals exposed to mainstream smoke, were observed, but only 
in lung and!heart DNA of animals exposed to the highest con¬ 
centration of ADSS (10 mg WTPM/m 3 ), a 100-fold exaggeration 
of typical field measurements of ETS. The mean relative adduct 
labeling values (±SE) were 8.7 (±0.2) adducts per 10 9 nucleotides 
for lung DNA and 5.7 (±0i7) adducts per 10 9 nucleotides for 
heart DNA after 14 dhys of exposure. No elevation in chro¬ 
mosomal i aberrations was observed in alveolar macrophages. 
These results indicate a no-observed-effect-Ievel (NOEL) of 1.0 
mg/m 3 for DNA adduct formation in lung and heart and a NOEL 
of at least 10 mg/m 3 for the induction of chromosome aberrations 
in alveolar macrophages under the conditions of this study. 

© 1992 Society of Toxicology. 


The biological significance of exposure to environmental 
tobacco smoke (ETS) has emerged as a subject of intense 


public discussion. ETS consists of sidestream smoke (SS), 
emitted from the burning end of a cigarette between puffs, 
and exhaled mainstream smoke (MS)- Condensate from both 
MS (Doolittle el aL, 1990a; Lee et ah, 1990b) and SS (Dool¬ 
ittle el aL, 1990b) have been reported to be genotoxic in 
vitro . Several in vitto studies (Claxton et ai:, 1989; Lewtas et 
aL, 1987; Ling et aL, 1987; Lofroth e/ aL, 1988; Lofroth and 
Lazardis, 1986) have reported that concentrated ETS par¬ 
ticulate matter is mutagenic. Although cigarette smoke or 
its condensate is positive in many genotoxicity endpoints,, 
its potency is very Ibw compared to other complex mixtures; 
to which humans are exposed, such as coke oven emissions, 
roofing tar, and diesel exhaust (Williams and Lewtas, 11985). 
Recently, Lewtas et aL (1991) estimated that the tumor-ini¬ 
tiating potencies for the extractable organic matter from coke 
oven emissions and urban air are 1000-and 100-fold higher, 
respectively, than that of cigarette smoke condensate (CSC). 
They also concluded that the levels of DMA adduct formation 
with these complex mixtunes correlated with tumor potency,. 
In marked difference to concentrated smoke, constituen ts in 
ETS are highly diluted. Therefore, the critical' question is 
not whether highly concentrated ETS is genotoxic in vitro 
but whether ETS, at its normal concentration range, is geno¬ 
toxic in vivo. 

The measurement of DNA adducts by the 32 P-postlabeling 
assay (Randerath et aL, 1981; Reddy and Randerath. 1986) 
is one of the best ways to assess DNA damage following 
exposure to complex mixtures. It is generally accepted that 
the majority of genotoxic chemicals are converted metabol- 
ically to electrophiles which attack nucleophilic centers in 
nucleic acids and proteins, resulting in the formation of co¬ 
valent adducts (Miller and Millbr, 1981; Hemminki, 1983). 
Therefore, DNA adducts serve as an indicator of exposure 
to genotoxic chemicals. The P| nuclease enhancement ver¬ 
sion of the 32 P-postIabeling assay (Reddy and! Randerath,, 
1986) is sufficiently sensitive to detect one adduct per 10~ 9 
to 10 _, ° nucleotides and therefore is ideally suited for com¬ 
plex mixtures of unknown chemical composition. Using this 


0.272-0590/92 $5 00 
Copyright :© 1992 by the Society of Toxicology, 
All rights of reproduction in any form reserved. 


Source: https://www.industrydocurnents.ucsf.ed u/d6cs/rg nm0006 


2026224339 



LEE ET AL. 




142 


assay, several studies have reported DNA adducts in rodents 
following inhalation exposure to cigarette smoke (Gupta et 
al. 1989; Bond et aL 1989; Gairola and! Gupta, 1991) as 
well as after skin painting!with CSC (iRanderath el 'aL 1988: 
Reddy and RunduraLh, 1990); Adduct assays have been ex¬ 
tended to include other complex mixtures such as diesel ex¬ 
haust (Wong et al.. 1986; Bond era!., 1989. 1990; Gallagher: 
eiai, 1990). coal sooti(Gallagliciwv a!., 1990), andllubricating 
oil (Schokct.e/ uL 1989): However, studies on the formation 
of DNA adducts in experimental animals after cigarette 
smoke exposure at or near the concentrations found in ETS 
have not been reported. 

Recently, Rithidech et al. (1989) reported that pulmonary 
alveolkr macrophages (PAM) of rats exposed to mainstream 
cigarette smoke developed chromosomal aberrations, thus 
demonstrating the usefulness of these cells as a tool for 
studying the cytogenetic effects of cigarette smoke in the rat 
lung. 

In the present study, , aged and diluted sidestream smoke 
(ADSS) was used as a surrogate for ETS. Cytogenetic damage 
in PAMiand covalent DNA adducts in several internal organs 
of rats were assessed following exposure to different concen¬ 
trations, of ADSS for 14 consecutive days, 6 hr/d ay. The 
results demonstrate that chromosomes in PAM are not 
damaged and that adducts are formed only in the lungs and' 
heart of animals exposed! to the highest concentration! of 
ADSS (10 mg WTPM/m 3 ). DNA adducts were not detectable 
at 0.1 mg WTPM/m 3 , aitypical !concentration of human ETS 
exposure,, or at a 10-fold higher concentration of 1.0 mg 
WTPM/m \ 

MATERIALS AND METHODS 

Materials. fo- 32 P]ATP (3000 Ci/mmol) was obtained from New 
England Nuclear (Wilhiington, DE): Micrococcal nuclease ('100-200 units/ 
mg)'and nuclease P| (255'units/mg) were obtained from Sigma (St. Louis. 
MO) Calf spltcn phosphodiesterase (2 units/mg) was obtained from Boeh+ 
ringer-Mannheim (Indianapolis, IN). Polvethyleneimine (PElRellulose- 
coated thin-layer chromatographic (T,LC) sheets (MacHerv Nagel) were ob- 
tai nerd I from Brinkmann Scientific (Westbury ; NYT T 4 polynucleotide kinase 
was obtained from GIBCCT-BRL (Gaithersburg, MD). 

Experimental animals. Experimental lanimals have been described else¬ 
where {Coggins el al., ,1992). Briefly, 5-week-old Sprague-Dawley rats (Charles 
River, Raleigh; NC) were acclimated for 2 weeks prior to exposure in 2- 
cubic-meter stainless-steel inhalation chambers. The animal rooms had con¬ 
trolled lighting (12 hr dark and 12 Hr light),,temperature (20-24PC), and 
humidity, (40 J -60% relative humidity). A'nimals were allowed 1 , unrestricted 
access to feed (Purina Rodent Chow 5002) and distilledIwater, except during 
the smoke exposures. 

Smoke generation and exposure conditionsi Smoke generation and ex¬ 
posure conditions have been described (Coggins e/ al. ,1992). Briefly, smoke 
was generated from I R4F research , cigarettes with a 30-port AM ESA gen¬ 
erator (CH Technologies, Westwood, NJ) fitted withhan aluminum cone for, 
collection of sidestream smoke. Cigarettes were smoked according to the 
FcderallTrade Commission methodi(a 35-ml puff of 2 sec duration, once/ 
min)!except that! instead of a'fixed butt length, a fixed number of puffs 
(seven) was taken (Baumgartner; and Coggins. 19801. Ayres-if al\ 1990):. 
Mainstream smoke was exhausted and discarded and the sidestream smoke 
wasdrawn into a common plenum. Different amountsiofsidestream smoke 


were provided for each chamber and mixed with dilution air drawn from 
the animal room through M EPA filters. Target concentrations for suspended 
particulates were 0,0.1. I, and 10 mg/m 3 : Exposures were for 6 hr per diy. 
for 14 consecutive days. 

Experimental design. For the DNA adduct assax, rats were divided into 
foungroups: sham, km (0. II mg WTPM/hif). medium (1.0 mg WTPM/m 1 ), 
and high exposures (10.0 mg AVTPM/m 3 ): Each group contained 12 male 
animals.; Four animals; in each group were killed after 7 and 14 days of 
exposure for DNA adduct analysis. The remaining 4 animals inicach group 
were kept for a further 14 days without smoke exposure for the revmibillU 
study. 

DNA isolation and digestion. Whole lung, heart, liver, and larynx tissues 
were weighed and homogenized in Hanks’ balanced salt solution (HBSS, 
Ca 3+ - and Mg 2+ - free). Homogenates were centrifuged and the supernatant 
extracts discarded; Pellets were resuspended in HBSS. DNA was isolated on 
a Genepure 341 nucleic acid purification system (Applied Biosystems,; Inc., 
Foster City, CA) by solvent extraction and enzymatic digestion of protein 
and RNA. DNA concentration was estimated spectrophotometrically,(l 
= 50 Mg DNA/ml). Absorbance ratios (260/280) of all DNA samples ranged 
from 1,6 to 1.8. Samples of DNA were digested essentially as described by 
Gupta et ai (11982) with minor modifications. Five to 10 pg of DNA was 
digested for 3.5 hr at 37°C in a total volume of lO 'MUcontaining OJb U of 
micrococcal nuclease and 5.0 Mg of spleen phosphodiesterase (dialyzed 24 
Kr against water) in 100 mM CaCI 2 and 200'mM sodium succinate buffer, 
pH 6.0. 

S3 P-post labeling assays The nuclease P, procedure (Reddy and Ran- 
derath, 1986) was used as described with slight modifications DNA digest 
samples were incubated for 45 min w-ith nuclCase P f under the following 
conditions: to 10 m> of DNA digest was added 4 m! of a solution containing 
each of the following: 2.0 mI of nuclbase P, (4 mS/mO* 0.7 mI of 1 mM ZnCl 2 , 
0.7 mI of 0.4 m sodium acetate, pH: 5.0, and 0.6 mI of distilled, deionized 
water. Immediately following nuclease P, treatment; 2.0 pj of 10 mM Ches- 
NaOH, pH 9.6, was added. DNA digests then were reacted with 7,5>Ci of 
H;- 3 -P]ATP using 4.5 U of T 4 polynucleotide kinase and kinase buffer (200 
mxtChes-NaOH,TOO mM MgCI 2v 100 mMidithiothreitol, and 10 mMispen- 
midine, pH 9.6). Separation of the 32 P-labeled adducts was oniPEI-cellulose 
TLC sheets using the following solvents: Dl, li.0 M sodium phosphate. pH 
6.0 (overnight onto a wick); D3,,5.3 M lithium formate, 8:5 ; M urea. pH 3.5; 
D4. 1.2 m: lithiumichloride, 8.5 M urea, 0.5 M Tiris base. pH 8.0 (onto a 
wick); DSj 1.7 M sodium phosphate, pH 6.0 (overnight onto a wick). 

Quantification of DNA adducts. For each batch of [ 32 P]ATP. the specific 
activity was determined by measuring the kinascrcatalvzcd incorporated of 
radioactivity into 10 pmoJ of 2-deoxyadenosine 3 > -monophosphate (Reddy 
and Randerath. 1986). Values of specific activity fellwithin the range ofi 1.5 
to 2.5 X I0 6 CPM/pmoK TLC maps;were wrapped in Milar plastic and 
scanned for 8 hr using the AM BIS radioanalytic imaging system (AM BIS 
Systems, Inc., San Diego, CA):under an argon atmosphere. A 3.2 X 3.2- 
mm resolution plate w-as used. The counting efficiency averaged approxi¬ 
mately 20%. The AMBIS radioanalytic imaging system iis a computer-con¬ 
trolled imaging system which directly quantifies radiation. Its: use in 33 P- 
posiiabeling assay of DNA adducts has been reported (Tuneltaub er at .. 
1990). The system has a twordimensional proportional detector composed 
ofi952'elements that simultaneously detect multiple R emissions. Sample 
patterns are replicated in the resulting computer picture which is displayed 
as a high-resolution image on a video monitor. Results are stored in per¬ 
manent data files; Computer-generated images of the adduct maps were 
marked and scored for radioactivity,. Background from the adjacent area 
was subtracted. The amount of adducts present in each isample was calculated I 
from the radioactivity present in adduct spots or zones and the specific 
activity ofthe [tyr 33 P]ATP used, and expressed as total number of adducts/ 
ID* nucleotides. In our experience, the images produced on; the monitor 
equal, and often exceed, those of conventional autoradiography. The relative 
addbet labeling (RAL) values calculated from AM BIS-generated data were 
compared with those obtained by autoradiography and liquidiscintillation 
counting. Results were comparable. 
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DISCUSSION 

The P, nuclease enhancement version of the 32 P-postla- 
beliing assay (Reddy and Randerath, 1986) is the most sen- 
sui\c method.available for evaluating- DNA adducts follow¬ 
ing in vivo exposure to complex mixtures. DNA adducts have 
been observed I in experi mental animals and Humans follow¬ 
ing exposure to a variety of complex mixtures including 
mainstream cigarette smoke For example, the presence of 
DNA adducts in smokers has been reported, with signifi¬ 
cantly lower levels in ex-smokers and nonsmokers (Phillips 
etal., 1988, ,1990; Randbrath et al ., l989;Cuzick efa/., 1990). 
In rodents, adduct formation has been reported in lungs and 
other respiratory tissues (Bond et all, 11989; Gupta etaL, 
1989; Gairola and Gupta; 1991) following smoke exposure. 
On the basis of these reports, the rat appears to be a suitable 
animal model for molecular dosimetry of covalent DNA 
binding at low concentrations of complex mixtures such 
as ETS. 

DNA adducts generally decrease and eventually disappear 
upon cessation of exposure to genotoxic agents. Adducts in 
ex-smokers are reported to be significantly less than in current 
smokers and eventually reaehi the levels of nonsmokers 
(Phillips et ai, 19881 Randerath et al., 1989). In baboons 
exposed to cigarette smoke, DMA adducts disappeared withi 
time during smoking cessation (Marshall et a!., 1991). How¬ 
ever. the rate of decrease may depend on the tissues involved. 
Slower disappearance of polycyclic aromatic hydfocarbon- 
DNA adducts in lung compared to skin has beeni reported 
(Schoket: et al., 1989). In the present study, 2 weeks were 
insufficient to show a complete disappearance of the addiicts 
in either lung or heart from the high-exposure animals. This 
finding is consistent with observations reported by others. A 
dberease in> adducti levels was not observed until 4 weeks 
after the cessation of diesel!exhaust exposure to rats (Bond 
et a!.. 11990). Lung DNA adducts from cigarette-smoke-ex- 
posed rats remained at the same level 1 week after cessation 
of exposure with a significant decrease after 19 weeks (Gupta 
et al:. 1989); 

Rithidech et al: (1989) exposed animals to approximately 
100 to 200 mg TPM/m 3 for 6 hr/day, 5 days/week for 22'to 
24 days and reported an increase in the frequencies of chro¬ 
mosomal aberration in exposed animals. Other cytogenetic 
studies on smoke-exposed rats (Lee ei al., 1990a; Baslbr. 
1982) and! hamsters (Korte et ai, 1981), however, failed to 
induce chromosome aberration, sister chromatid exchanges, 
or micronuclei formation in bone marrow and lymphocytes. 
Based on these results, PAM appears to be a more sensitive 
tissue for measuring the clastogenic potential of inhaled to¬ 
bacco smoke than is bone marrow. In our study, none of 
the exposed animals, including the highest exposure group, 
yielded PAM with increased chromosome aberration. 

Concentrations of ETS in indoor environments vary, but 
average concentrations of respirable suspended particles are 
approximately 0.1 mg/m 3 (Oldaker, 1989; Oldaker et al.. 


1 990a,b). A weakly visible DRZ in lung and heart! tissues 
was observed in rats after exposure to ADSS, but only at the 
highest exposure (10 mg WTPM/m 3 ). Although smoke-re¬ 
lated DNA adducts have been reported in the larynx in hu¬ 
man smokers (R&nderalh tv c/C 19X9) and in rats exposed 
to mainstream smoke (Gairola and Gupta, 1991), our study 
did not detect DNA adducts iin this organ or liven at the high 
exposure ( HO mg WTPM/m 3 ); a. 100-fold exaggerated! ETS 
concentration. It is significant that concentrations (0.1 and 
1.0 mg WTPM/m 3 ); which represent an average level of ETS 
in most plkces where smoking is allbwed and a lOTold in¬ 
crease in concentration; respectively, did not result in any 
exposure-related adducts. Even in tissues with visible DRZ, 
the level! of adducts was near the detection limiti Ntone of 
the concentrations tested significantly increased chromosome 
aberrations in PAM. Thus, under the conditions of these 
studies, IL0 mg WTPM/m 3 represents a no-observed-effect- 
level (NOEL) for DNA adduct formation in limg and heart 
and a NOEL of at least 10 mg/m 3 exists for the induction 
of chromosome aberrations in alveolar macrophages. 
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In ritro modification of DNA i with CSC. One m i 11 igra m of Ui ng DN A 
isolated from Sprague-Da wlty rats, was treated with 5 mg (lin 5(Ki:#il of 
DMSOf of CSC Irani'.Kentucky: Reference IR4F cigarettes imlhe presence 
of ;u» S9 : iik‘Uihe4k' acti^atiniiisystem. The S l > li\vi Itomouenaic iobtained 
lw>rn M-'ieail.ii lu\K*»h)gv k Ymuipolis. AID) wav prepiuvd. .w.oTiling to 
\itK-v, , nl•).:?».. Ilhc conccniialion in the mix \vus.5Vlv vl and 5.0 
ml i if i lie S 4 ) mix-was added to the reaction mix': The .reaction mixture vui* 
incubated It mi 5. hr at ’?' (' DNA u;iv extracted with the AIM (ienc.pure 
cviniti»M 

In vivo modification of DNA with benzo[a\fiyrctu\ female B6C5H mice 
were given a single ip dbse of 40 or 60.mg/,kg of benzofujpyrene B[a]R in 
0.1 ml ofDMSO/com oil {50/50 v/v). Livers were collected 43lhr after Bfi/JP 
administration. DNA was extracted by the A.S.A. P. genomic DNA isolation 
kit (Boehringerr-Mannheim). 

Pulmonary alveolar macrophage isolation and analysis of chromosomal 
aberration j Ifnmediatley following the seventh consecutive daily ADSS 
exposure period, animali were injected ip with colchicine (6 mg/kg, 12 mg/ 
ml colchicine stock solution).' Four hours later, the animals were killed (by 
asphyxiation with 70% carbon dioxide (C0 2 ) and the tracheas were can- 
nulated with 14G »v catheters. The lungs and heart were removed as a block 
and placed in ice oold HB5S without Mg 2 * or Ca 2+ for 30 to 60 min. The 
lungs were lavaged repeatedly through the cannula using a 10-ml syringe 
filled with 7 ml of ice-cold HBSS. After the lungs were filledj they were 
massaged for 1 minandthe lavage fluid was removed and placed in a 50- 
ml centrifuge tube on ice. Lavagingand massaging continued until approx¬ 
imately 50 ml of lavage fluid was collected. The lavage fluid was centrifuged 
and the supernatant fraction drawn off. The pellet was resuspended in pre¬ 
warmed (37.°C):75 mM K.GI and incubated at 37®C fori 25 min. After cent 
trifugation. the cells were fixedifirsliwith 6:1 absolute MtOH:g!aciaI acetic 
acid and'then three more times with Carnoy’s fixative (3:1 absolute MeOH; 
glacial acetic acid). Metaphase spreads were prepared. Two slides .per animal 
were stained!for 7 min with Gicmsaidiluted l::20 (10 1 ml Giemsa. 190 ml 
distilled H : 0) amllmountcd with coverslips using Depex mounting medium. 


A B 



FIGj I. Comparison of TLC maps of lung DNA from Sprague-Dawlcy 
rats exposed to aged and diluted sidestream smoke for 14 days: (A) sham 
exposure;.(B) low exposure (0.1 mg WTPM/m?); (C) medium exposure (1.0 
mg WTPM/hii 1 ); (D) high exposure (10 mg WTPM/m 3 ): TLCs were scanned 
for 8 hr with AMB1S radioanalytic imaging system. 



FIG. 21 Comparison of TLC maps of heart DNA from Sprague-Dawley 
rats exposed to aged and diluted sidestream smoke for 14 days: (Afsham 
exposure; (B)ilowexposure(0,1 mg WTPM/m?): (C) medium exposure (1.0 
mg WTPM/m 3 );i (D) high exposure (10 mg WTPM/m 3 ). TLCs.were scanned 
for 8 hr with AMBISIradioanalylic imaging system. 


Fifty metaphases for each animal were scored for chromosome aberrations 
where possible Sometimes.50'soorable celB were not available. Scarcity of 
scorable cells is not a sign of toxicity, but is due to the \cry low mitotic 
index of PAM fPinkett et ai. 1966; Evans and Bills, 1969) Scoring was 
done without knowledge of treatment group. 

Statistical analysis^ Statistical significance (p <:0!05) was.cvalualed In 
analysis.of variance for DNA adduct data and by Fisher s exact test for 
eh ro ni oso m a 11 a berra t i o n i d a t a. 

RESULTS 

After 14 exposure days,, no oven signs of toxicity or sig¬ 
nificant body weight differences were observed I between an y 
of the exposed groups and the sham controls. Exposed lungs 
were not pigmented and the only hlstopathologicallchanges 
observed were mild hyperplasia and inflammation of the 
nasal cavity in the high-exposure group only (Coggins err//.. 

1992); These changes were reversible. 

32 P maps of DNA samples from lung and heart tissues 
from animals in the highest exposure group (10 mg WTPM/ 
m 3 ) exhibited slight diffuse diagonal radioactive zones (DRZ) 
extending from close to the origin into the center of the chro¬ 
matogram. Lung DNA from animals in the highest exposure 
group (10 mg WTPM/m 3 ) exhibited DRZ after 7 and 14 
days ofi exposure and* the DRZ was still present after a 1'4- 
dav recovery periods Heart DNA also exhibited faint but 
recognizable DRZs in the highest exposure group but only 
after 14 days of exposure and after the 14-day recovery pe¬ 
riod. Adduct maps of lung and heart DNA firom the four 
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FIG. 3: TLC maps of B[a]P-DNA adduct from liver of mouse injected 
ip with 40 mg/kg of B[c/)P (A) and CSC-DNA adduct prepared in vifro(K). 
TLCs were scanned for 8 hr with AMBIS radioanalytic imaging system. The 
RAL values are 839 addUcts per 10^ nucleotides for B[a]P-DNA adducts 
and 55 addiicts per 10 9 nucleotidts for CSC-DNA addLcts. 


exposure groups are shown in Figs. 1 and 2, respectively. 
The liver and larynx did I not exhibit exposure-related adducts 
at any concentration or time point. Maps of CSC-DN A ad¬ 
ducts fromi/')r vitro reactions and B[a]P-DNA adducts from! 
liver of mice injected ip with B[a]P are shown in Fig. 3: 
Mean RAL values of the four organs flung, heart, liver, and! 
Ihrynx) after 14 days of exposure are presented in Fig. 4. 



LUNG HEART LIVER LARYNX 


FIG. 4. RAL valhes (mean ! 1 SE, n = 4) of DNA addUcts in tissues of 
Sprague-Dawlcy rats after a 14-day exposure to a high concentration (10 
mg WTPM/m 3 ) of aged and diluted sidestream smoke. Differences ibetween 
the groups were tested by ANOVA. ^Significantly different:(/; < OjQSHrom 
sham control. (■) Sham; (0) low, 0.1 mg WTPM/m 3 ; (□) mediumi I mg 
WTPM/m 3 ; (□) high, 10 mg WTPM/m 3 . 



LUNG HEART 


FIG. 5. Comparison of RAL values (mean ± SE, n = 4) of DNA adducts 
in lung and heart after 7- and 14-day exposures to High concentration (10 
mg WTPM/m 3 ) of aged and diluted sidestream smoke and after a 14-day 
recovery; period. Differences between the groups were tested by ANOVA. 
♦Significantly different (p < 0.05) from sham control (!) Sham, (ID) 7 days, 
(□) 14 days, (□) 14-day recovery. 


Only the kings and heart from the highest smoke exposure 
(10 mg/m 3 ) contained adduct concentrations significantly 
higher than sham controls. The RAL values were 7 to 10 
adducts per TO 9 nucleotides (21 to 30 amol//ig DNA) for 
lung and 1 4 to 7 adducts per 10 9 nucleotides (12 to 211 amo.I/ 
Aig DNA) for heart. In both lung and heart, the amount of 
addkets was si milar at the end of the 14-day exposure period 
and after the 114-day reversibility period (Fig. 5). 

The results of the chromosomal aberration iassay in PAM 
after 7 consecutive exposure days are presented in Table 1. 
Positive control animals injected with cyclophosphamide 
exhibited a statistically significant increase inichromosomally 
aberrant; cells; however; no statistically significant increase 
in cells with aberrations was observed in smoke-exposed an¬ 
imals; 


TABLE I 


Chromosome Aberration Analysis in Puhnonary AlVeolar 
Macrophages of Rats Exposed to Aged and Diluted 
Sidestream Smoke for 7 Days 


treatment 

Number of 
animals 

Number 
of cells 
analyzed 

Number of 
aberrant 
cells 

Percentage 
cells: with 
aberrations 

Sham exposure 

3 

1:50 

2 

1.3' 

Low exposure 

(Q. l mg WTPM/m 3 ) 

4 

189 

2 

1.1 

Medium exposure 

(1.0 mg WTPM/m 3 ) 

3 

77 

0 

0 

High exposure 

(It) mg WTlPM/hi’) 

3 

150 

6 

410 

Cydophosph amide 

(It) mg/kg) 

2 

89 

12 

1 3:5 '* 

Saline (0.5 mt/kg) 

3 

150 

1 . 

o;7 


Statistically signilicanl!(iP < 0 j05)j 
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